Background
Upper urinary tract urothelial carcinoma (UUTUC) is rare. Current estimates claim that urothelial (transitional) cell malignancies within the renal pelvis account for less than 10% of all renal tumors. 1 Although related, ureteric lesions are far less prevalent than their renal pelvis counterpart, with renal pelvis-to-ureter ratios exceeding 3:1. 1 The Memorial Sloan Kettering Cancer Center reported a large longitudinal series consisting of primary urothelial carcinoma (UC) cases, of which 88% were bladder, 7% urethra, 3% renal pelvis, and 2% ureter. 2 Other studies have corroborated the low prevalence of UC in the upper urinary tract. 1, [3] [4] [5] [6] Consequent to the rarity of UUTUC, the literature is largely limited to retrospective analyses and case reports.
For UUTUC, prognosis is strongly linked to age at diagnosis, T-category, histology grade, and lymphatic involvement. 3, 4 The standard treatment for a UUTUC includes radical nephroureterectomy (RNU) with removal of the bladder cuff. 7, 8 There are alternative kidney-sparing techniques, but patient selection is crucial when opting for less invasive approaches because the risk of disease recurrence is high. 6 With limited data on UUTUC and no prospective randomized trials, the exact role of nonoperative therapies, including chemotherapy, immunotherapy, and radiation therapy, is currently unclear. 6 Unfortunately, there is no standard treatment for patients with UUTUC who are not candidates for surgery as a result of poor functional status, overwhelming disease burden, or refusal of surgical intervention. Novel, noninvasive treatments are needed for this clinical scenario and stereotactic body radiation therapy (SBRT) may be an option, as presented in this report.
Case presentation
A 95-year old male patient presented with a 1-year history of intermittent gross hematuria. His medical history was notable for coronary artery disease status, postcoronary artery bypass grafting and stent placement, atrial fibrillation, and systolic congestive heart failure with an ejection fraction of <20%. The patient was on aspirin, clopidogrel, and warfarin for cardiovascular disease. Upon presentation, the patient was found to be anemic and was admitted for further evaluation. He received 2 units of packed red blood cells. After being appropriately stabilized, a cystoscopy was performed but showed no evidence of malignancy in the bladder or urethra. Laboratory evaluation was notable for hemoglobin of 13.8 g/dL and creatinine of 1.2 mg/dL. Voided urinary cytology was positive for urothelial carcinoma. A computed tomography (CT) scan of the chest, abdomen, and pelvis revealed a soft tissue mass in the upper left intrarenal collecting system that measured 4.5 cm × 2.2 cm × 1.9 cm and was consistent with a urothelial neoplasm. There was no evidence of regional lymphadenopathy or distant metastatic disease. The patient was staged as urothelial carcinoma, clinical T2, N0, M0, and GX in accordance with the criteria by the American Joint Committee on Cancer, 7 th edition. The patient was evaluated by both urology and cardiology. Given his age and cardiovascular comorbidities, he was determined to be at high risk for complications with general anesthesia and RNU. Consequently, he was deemed medically inoperable. The patient was then evaluated by interventional radiology and deemed an unsuitable candidate for percutaneous ablation due to the location of the tumor in the collecting system and his inability to receive anesthesia. As a result, he was referred to radiation oncology for consideration of palliative radiation therapy.
The patient was treated with SBRT to the tumor with a prescription dose of 50 Gy in 4 fractions delivered over 4 consecutive days (Fig 1) . For simulation, he was immobilized in a full-body BodyFix system (Elekta, Stockholm, Sweden). A 4-dimensional CT scan with and without intravenous contrast was obtained for treatment planning. An internal gross tumor volume was delineated, representing the gross tumor volume on all respiratory phases. The planning target volume was created by isometrically expanding the internal gross tumor volume by 0.5 cm. The dose was prescribed to the planning target volume with target objectives of V100%[%] ≥95% (95.1% achieved), D90%[%] ≥100% (101.3% achieved), and V120%[cc] < 0.03 cc (0 cc achieved).
Treatment planning was performed using the Eclipse Treatment Planning System (Varian, Palo Alto, CA) using a 10-field static intensity modulated radiation therapy technique. The following beam arrangements were used: A30R, A10R, A15L, A40L, A65L, left lateral, P60L, P40L, P20L, and a posterior beam, wherein A vs. P designates anterior versus posterior and L vs. R designates left versus right of midline. The number between the letters designates the gantry angle with respect to the isocenter. Treatment delivery was performed using a TrueBeam 6-MV photon system (Varian). Dose constraints were followed per the report by the American Association of Physicists in Medicine Task Group 101 on stereotactic body radiation therapy. 9 Dose to organs at risk was constrained per the 3-fraction recommendations outlined in Table III Prospectively collected, physician-reported adverse events per the National Cancer Institute Common Terminology Criteria for Adverse Events (NCI CTCAE) Version 4.03 were recorded in an ARIA Oncology Information System (Varian) before SBRT delivery and at all follow-up visits. On completion of SBRT, the patient experienced no acute adverse effects (CTCAE v4.03 grade 0 gastrointestinal and genitourinary domains). Approximately 10 days after completing SBRT, the patient's previously noted grade 1 hematuria resolved and never recurred. The patient was reevaluated 3 months after completion of therapy, at which time he had no adverse effects (CTCAE v4.03 grade 0 gastrointestinal and genitourinary domains). His hemoglobin was stable at 13.5 g/dL, and creatinine was 1.1 mg/dL. A CT urogram revealed a significant reduction in size of the treated tumor, which was necrotic and appeared consistent with a partial response using RECIST criteria v1.1 (Fig 2) . 10 There was new thickening and enhancement of the wall of the left renal pelvis and upper ureter, consistent with posttreatment inflammation. He was followed with clinical examination; CT scans of the chest, abdomen, and pelvis; and laboratory tests every 3 to 4 months.
At the patient's last radiation oncology reevaluation 31 months after completing SBRT, he had no clinically apparent late adverse effects related to SBRT (CTCAE v4.03 grade 0 gastrointestinal and genitourinary domains). His creatinine levels remained within the normal limits at 1.3 mg/ dL. A CT urogram showed left renal atrophy with no residual mass or filling defect in the left kidney, consistent with a complete response using RECIST criteria v1.1 (Fig 2) . Complete imaging showed no regional or distant metastatic disease. The patient experienced decompensated systolic heart failure 33 months after SBRT, enrolled in hospice care, and passed away.
Discussion
RNU with systematic bladder cuff excision for primary resection of UUTUC has been the gold standard treatment dating back to 1957 when it was first described by Dr. Francis Twinem. 7 It remains the preferred treatment, especially in cases of high-risk disease. 3, 6, 7, 11 Catton et al showed durable locoregional control after complete RNU with a recurrence rate of 15% when compared with a 46% recurrence rate after incomplete RNU. 3 Recent findings demonstrating positive outcomes for low-risk disease have incited researchers to investigate kidney-sparing approaches to treatment, including percutaneous, endoscopic, and segmental approaches. 6, 11, 12 Preliminary data on these newer treatments are encouraging and indicate a strong role for less invasive approaches in cases of low-risk disease. 6, 13 The overall prognosis for UUTUC is quite poor, with reports of 5-year disease-specific survival <50% for patients with pT2/pT3 and <10% for pT4 tumors, regardless of interventions. 6 Specific adverse risk factors are well defined in the medical literature and include age >60 years at diagnosis, T3/T4 staging, lymph node involvement, ureteral localization, high-grade tumors, and the inability to attain negative surgical margins. 3, 4, 11, 12, 14, 15 Recurrence rates are 35% versus 70% for early and locally advanced disease, respectively. 3, 16 As early as 1941, Cook et al argued for postoperative radiation in cases of extraureteral extension or locally advanced disease. 17 Several retrospective series suggest potential benefits with postoperative radiation in select patient populations at high risk for locoregional recurrence, namely those with high-risk features including high T-category staging, lymph node involvement, high-grade tumors, and positive resection margins. 3, 4, 12, 16, 18 These data have provided evidence that radiation therapy may be an effective adjunctive treatment for selected patients with UUTUC.
SBRT, also known as stereotactic ablative radiation therapy, is an ablative radiation technique that delivers high doses of radiation typically in 5 or fewer fractions. The American Society for Radiation Oncology has defined SBRT as a radiation therapy course not to exceed 5 fractions when using the technical Current Procedural Terminology code. 19 Radiotherapeutic innovations have allowed for more conformal delivery of radiation while minimizing radiation to dose-limiting adjacent healthy tissue. SBRT is commonly used for medically inoperable patients with early stage lung cancer. 20, 21 It is also frequently used for liver and osseous metastases (eg, spine).
Additionally, recent data suggest that SBRT is a safe and effective treatment option for localized cancers of the pancreas, prostate, and kidney. 22 In a recent systematic review of 110 patients with localized renal cell carcinoma of the kidney who were treated with SBRT, local control was 94% and severe adverse events (grade 3 or higher) occurred in only 4% of patients. 23 Phase 1 to 2 studies are ongoing to better define the safety, efficacy, and optimal dose/ fractionation regimen of SBRT for localized renal cell carcinoma of the kidney. 24, 25 Maehata et al reported on their experience with aggressive hypofractionated radiation therapy, using between 50 and 60 Gy in 10 fractions in 3 elderly patients with medically inoperable UUTUC. 26 In all 3 cases, this hypofractionated regimen was effective at controlling the treated tumor. One patient, who had a primary lesion in the distal ureter, experienced an out-of-field bladder recurrence 22 months after treatment. In a similar manner, we present a case of medically inoperable UUTUC treated with 4-fraction SBRT. Our case supports the experience of Maehata et al in that our patient experienced durable local control and disease-specific survival with an ablative radiation therapy dose. When assuming an α/β ratio of 10, a fractionation schedule of 50 Gy in 4 fractions has a biologically effective dose (BED) of 112.5 Gy10 and an equivalent dose in 2 Gy per fraction (EQD2) of 93.75 Gy, which is greater than that delivered with 60 Gy in 10 fractions (BED 96 Gy10 and EQD2 80 Gy) or 50 Gy in 10 fractions (BED 75 Gy10 and EQD2 62.5 Gy). To our knowledge, this is the first case report of a patient with inoperable UUTUC treated with SBRT as defined by the American Society for Radiation Oncology definition (eg, 5 fractions or fewer).
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Conclusions
We report a favorable outcome in a patient with medically inoperable, clinically localized UUTUC who was treated with SBRT. Further investigation of SBRT in this patient population is warranted.
